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DNA demethylationDouble-stranded RNA (dsRNA) is produced in host cells during viral replication. The effects of DNA demethyla-
tion on gene expression in dsRNA transfected swine cells are unclear. The study aims to proﬁle the transcriptome
changes which are induced byDNAmethyltransferase inhibitor (Aza-CdR) in porcine PK15 cells transfectedwith
viral-like dsRNA (Poly(I:C)). A total of 44, 76 and 952 differentially expressed genes (DEGs)were detected in the
cells treated by Poly(I:C) plus Aza-CdR (P + A), Poly(I:C) (P) or Aza-CdR (A) alone compared to the controls
(C). Immune response-related pathways are observed in the comparison of A vs. C and P vs. C, and the genes in
the pathways were recovered in the comparison of (P + A) vs. C. GO analysis indicated that Aza-CdR has nega-
tive regulatory effects on viral reproduction. The results suggest that the stimulant of Poly(I:C) could be regressed
by Aza-CdR. These observations provide new insights into the epigenetic regulatory effects on viral replication.
© 2013 Elsevier Inc. All rights reserved.1. Introduction
Notable human and animal diseases are caused by viruses, e.g.human
immunodeﬁciency syndrome virus, pseudorabies virus, pig reproductive
and respiratory syndrome virus (PRRSV), classical swine fever virus
(CSFV) etc. Double-stranded RNA (dsRNA) produced by these viruses
during their replication is a key activator of the innate immune response
[1]. Synthetic polyinosinic:polycyticdylic acid (Poly(I:C)) is structurally
similar to the natural dsRNA and is effectively used to simulate viral
infection [2,3]. Comparedwith live viruses, Poly(I:C) shows some advan-
tages including convenience, safety andmore reproducibility and control
over dose and time of administration of the immunological challenge [4].
Poly(I:C) is known to be recognized by toll-like receptor 3 (TLR3) and
is best known as an inducer of interferon (IFN)-α and -β, which play a
fundamental role in pathogen recognition and activation of the innatene; DNMTi, DNA methyltrans-
bitor 5-aza-2′-deoxycytidine;
osinic:polycyticdylic acid; A,
sfected with Poly(I:C); P+A,
dition of Aza-CdR; C, control
lly expressed genes; dsRNA,
cau.edu.cn (C. Wang).
ghts reserved.immune response [2,5–7]. Thus Poly(I:C) is considered a viral-like
dsRNA and can be an effective tool to mimic virus replication in cells
[8–13].
Epigenetic regulation is of critical importance in understanding the
virus replication process and antiviral innate immunity. DNAmethylation
is a major epigenetic mechanism of gene silence. Cumulative evidence
shows clearly that a large number of genes changed their DNA methyla-
tion during virus replication [14–17]. Promoter hypermethylation and
decreased expression of multiple tumor suppressor or immune-related
genes were induced by viral challenge [18,19]. Insulin-like growth factor
3 (IGF3) expression is speciﬁcally repressed by Hepatitis B virus X (HBx)
through its de novo methylation by DNMT3A [20]. Recently, researchers
found that IL-32 and IL-6 were up-regulated while DNMT activity de-
creased as a result of aberrantDNAmethylation during inﬂuenza virus in-
fection or dsRNA treatment [21,22]. Genes silenced by hypermethylation
can be reactivated by 5-aza-2′-deoxycytidine (Aza-CdR). Aza-CdR is a
cytidine analog and hypomethylates DNA through inhibiting DNAmeth-
yltransferase [23,24]. Clearance of virus fromHIV-1 infected personsmay
be enhanced by inclusion of Aza-CdR [25]. Aza-CdR combined with viral
activator tumor necrosis factor (TNF)-α decreased the efﬁciency of cell
line-dependent viral activation [26,27].
Contagious porcine viruses cause seasonal pandemics in modern
pig farms. Porcine reproductive and respiratory syndrome virus
(PRRSV) and classical swine fever virus (CSFV) led to serious economic
losses worldwide. The interaction between porcine viruses' replication
and immune responses underling variable DNA methylation remains
372 X. Wang et al. / Genomics 103 (2014) 371–379unclear [28]. The purpose of the study is to analyze the genome-wide
effects of DNMT inhibitor on viral-like dsRNA transfected porcine
kidney cells, which are target cells of the porcine viruses. We proﬁled
the transcriptome of the porcine kidney epithelial cells (PK15) upon
transfection of Poly(I:C), Aza-CdR, or both. The differentially expressed
genes and pathways were analyzed between the transfected or non-
transfected PK15 cells with Poly(I:C) or Aza-CdR alone, or both.
2. Results
2.1. Optimization of viral-like dsRNA and DNMT inhibitor transfection
To optimize the transfection of the viral-like dsRNA analog and
DNMT inhibitor in porcine PK15 cells, dose- and time-series experi-
ments of Poly(I:C), Aza-CdR, or both transfection in the cells were
conducted. We observed up-regulated expressions of interferon αlpha
(IFN-α) and toll like receptor 3 (TLR3) after Poly(I:C) and/or Aza-CdR
transfection (Fig. 1).
For Poly(I:C) transfection, 10 μg/mL of Poly(I:C) treated 8 h induced
the highest expression of IFN-α in PK15 cells compared to the other
concentrations (Fig. 1A). Two more hours later, signiﬁcantly higher
expression of IFN-α was induced in the cells (P b 0.05, Fig. 1B). ForFig. 1. The activation of IFN-α and TLR3 in PK15 cells induced by Poly(I:C), Aza-CdR or both. (A)
axis represents the concentration of Poly(I:C). Y axis represents IFN-α relative expression to GA
Poly(I:C) alonewith 4, 6, 8, 10 and 12 h. (C) Activated IFN-α expression in PK15 cells byPoly(I:C
concentrations of Aza-CdR. “+” and “-” represent the addition of 10 μg/mL Poly(I:C) or not, res
Poly(I:C) alone with 4, 6, 8, 10 and 12 h. (E) Activation of TLR3 expression in PK15 cells by Poly
ferent concentrations of Aza-CdR. “+” and “-” represent the addition of 10 μg/mL Poly(I:C) or n
control (the cells not treated with Poly(I:C) and/or Aza-CdR).Aza-CdR treatment, 5 μM/L Aza-CdR signiﬁcantly activated the expres-
sion of IFN-α at 10 h (P b 0.05, Fig. 1C) compare to the control. To
analyze the potential effect of Aza-CdR on virus replication, the PK15
cells were initially transfected with Poly(I:C) for 4 h, then Aza-CdR
was added (Fig. 1C). After 6 h, signiﬁcantly higher expression level of
IFN-α was observed in the cells treated with 10 μg/mL of Poly(I:C) and
following by 5 μM/L Aza-CdR (P b 0.05, Fig. 1C). Under this processing
condition, TLR-3 expression was also remarkably activated (Figs. 1D
and E).
As shown in Fig. 2A, four treatments of the PK15 cells were conduct-
ed,whichwere transfectedwith orwithout Poly(I:C) (P) at 0 h followed
by adding or no adding Aza-CdR (A) at 4 h, then the cells were harvest-
ed at 10 h. To assess the effects of Poly(I:C) and/or Aza-CdR on PK15
cells and to obtain the optimal concentrations of them, the proliferation
activity of PK15 cells and the cells survival rateswere determined by the
CCK-8 method with cell counting kit 8 (CCK-8, see Materials and
methods) [29]. Based on CCK-8 results, we found that upon the stimula-
tion with 10 μg/mL Poly(I:C), the cell proliferation was signiﬁcantly
promoted after adding 5 μM/L Aza-CdR compared to the addition of
0.1 μM/L or 1 μM/L Aza-CdR (Fig. 2B, yellow arrow; Fig. 2C, green
arrow). Thus the optimum conditions of transfection were 10 μg/mL
Poly(I:C) treated the PK15 cell for 4 h, then added 5 μM/L Aza-CdRDose-response assays of IFN-α expression in PK15 cells at 8 h after Poly (I:C) treatment. X
PDH. (B) Time course experiments of IFN-α expression in PK15 cells treatedwith 10 μg/mL
) transfection followedbyAza-CdR addition at 10 h. Theupper lane represents thedifferent
pectively. (D) Time course analysis of TLR3 expression in PK15 cells treated with 10 μg/mL
(I:C) transfection followed by Aza-CdR addition at 10 h. The upper lane represents the dif-
ot, respectively. *P b 0.05, and **P b 0.01 represent the signiﬁcance levels compared to the
Fig. 2.
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for the subsequent microarray study (Fig. 2C).
2.2. Proﬁles of differentially expressed genes induced by Poly(I:C), Aza-CdR,
or both
To gain insight into the regulatory effect of Aza-CdR (A) on the gene
expressions in the PK15 cells stimulated by Poly(I:C) (P), we ﬁrstly
compared the gene expression proﬁles of P and control (C) or compared
A and control. Secondly, we compared the gene expression proﬁles
between P + A (Poly(I:C) transfection followed by the addition of
Aza-CdR) and control. The signiﬁcantly differentially expressed genes
(DEGs) under the criteria of P b 0.05 and |FC (fold-change)| N 1.5 were
identiﬁed via the Agilent Porcine OligoMicroarray (4 × 44 K) (Table S1).
We found that both analogs changed the transcriptional expressions
in the PK15 cells. After normalization, 76 and 952 porcine DEGs were
detected in the cells treated by Poly(I:C) or Aza-CdR compared to the
control (P b 0.05) (P vs. C and A vs. C in Fig. 3A). In contrast, the compar-
ison of (P + A) vs. C included only 44 DEGs (the green circle in Fig. 3A),
which suggested that the cell toxicity of Poly(I:C) treatment following
the addition of Aza-CdR was lower than that of Poly(I:C) or Aza-CdR
alone. Meanwhile, the DEGs related to immune response, response to
virus and epigenetic modiﬁcation are shown in Figs. 3B, C, and D,
respectively. Of 76 DEGs in the comparison of P vs. C, 17 are immune-
related genes (accounting for 22.4% of 76 DEGs), 12 genes participate
in viral-responses (15.8%), and one gene (1.3%) involved in epigenetic
modiﬁcation. Of 952 DEGs in the comparison of A vs. C, 77 are
immune-related genes (8.1%), 25 genes participated in viral-responses(2.6%), and 14 are epigenetic modiﬁcation-related genes (1.5%). For
the comparison of (P + A) vs. C, 8 out of 44 DEGs are immune-related
genes (18.2%), 7 are response to virus related genes (15.9%) and no
DEG related to epigenetic modiﬁcation.
To detect the effect of Aza-CdR or Poly(I:C) as a single factor,
the DEGs in the two comparisons of (P + A) vs. A and (P + A) vs. P
were considered. It was found that the comparison of (P + A) vs. A in-
cluded 837 DEGs, while the comparison of (P + A) vs. P included only
42 DEGs.
2.3. Real-time quantitative RT-PCR validation
To assess the accuracy of the microarray results, 14 genes (PRPF38B,
HD9L, PSMB8, PKR, DNMT3A, NFκBIA, KDM2A, IRF7, CD4, PSME3, OAS1,
MX1, PPARD, and MYC) were used to conﬁrm their expression levels
via real-time quantitative RT-PCR. As shown in Table 1, the mRNA
expression levels of the fourteen genes were consistent with the results
observed bymicroarray. Moreover, the functional analysis of themicro-
array data was further performed.
2.4. Functional analysis of the DEGs induced by Poly(I:C), Aza-CdR, or both
Within set with the quality control of DEGs (|FC| N 1.5 and P b 0.05),
the enriched Gene Ontology (GO) terms and pathways were uncovered
using SBC Analysis System (http://sas.ebioservice.com) [30].
Gene Ontology includes three categories, namely, biological process,
molecular function, and cellular component. In consideration of the sig-
niﬁcant relevance of biological processes, functional clusters belonging
Fig. 3.
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ical processes induced by Poly(I:C) are associated with T cell selection,
leukocyte activation, cell activation and positive regulation of immune
response. Those of Aza-CdR are associated with cellular homeostasis
and positive regulation of homeostatic. Those of Poly(I:C) plus Aza-
CdR are related with the response to stimulus, positive regulation of
metabolic process and biological process (Table 2). These results indi-
cated that the host's immune response was up-regulated by dsRNA
transfection, which is consistent with the previous study [12].
As shown in Fig. 4, a total of 8, 30, 14, 19 and 8 enriched pathways
were obtained from the DEGs in the comparisons of P vs. C, A vs. C,
(P + A) vs. C, (P + A) vs. A and (P + A) vs. P, respectively. TheTable 1
Validation of the microarray results by real-time RT-PCR approach.
Gene P vs. C A vs. C (P + A)
Microarray qRT-PCR Microarray qRT-PCR Microar
PRPF38B 1.51⁎ 1.22⁎⁎ −1.67⁎ −2.70⁎⁎ −1.06
HD9L −1.30 −1.10⁎⁎ −1.92⁎⁎ −2.86⁎⁎ −1.25
PSMB8 −1.30 −1.01 1.32 −1.14 −1.18⁎
PKR 1.08 1.15⁎⁎ −1.72⁎ −3.13⁎⁎ −1.02
DNMT3A −1.11 −1.10 1.46 −1.27 −1.09
NFKBIA 1.03 1.26 2.24⁎⁎ 1.58⁎ 1.08
KDM2A 1.07 1.08 1.08 1.10 −1.43
IRF7 −1.12 −1.14 1.84⁎⁎ 1.82 1.08
CD4 1.75⁎ 1.65⁎ −1.10 −1.70 1.15
PSME3 −1.10 −1.06 −1.67⁎⁎ −1.89⁎⁎ −1.12
OAS1 −1.40 −1.09 1.99 1.61⁎ 3.75
MX-1 1.04 1.25⁎ 1.83⁎⁎ 1.09 1.19
PPARD 1.13 1.02 1.51⁎⁎ 1.25 −1.20
MYC 1.06 1.29 −1.12 −2.07⁎ 1.59⁎
Note: The data in the table is the fold changes of gene expressions in the ﬁve comparisons. P: PK
CdR; P + A, PK15 cells transfected by Poly(I:C) followed by the addition of Aza-CdR; The expr
⁎ P b 0.05, FC N 1.5.
⁎⁎ P b 0.01, FC N 1.5.common enriched pathways (P b 0.05) in the comparisons of P vs. C,
A vs. C and (P + A) vs. C were T cell receptor signaling pathways and
long-term depression (Figs. 4A, B and C). In the comparison of P vs. C,
four out of eight enriched pathways (antigen presentation pathway, T-
cell receptor signaling pathway, PPAR signaling and long-term depres-
sion) were observed relating to immune response upon Poly(I:C) stim-
ulation. VEGF (vascular endothelial growth factor) signaling pathways,
complement and coagulation cascades, histidine metabolism, and ara-
chidonic acid metabolism were only enriched in the comparison of
(P + A) vs. C not in the comparison of P vs. C and A vs. C (Fig. 4C). For
the comparison of (P + A) vs. A, NOD-like receptor signaling pathway,
the Toll-like receptor signaling pathway, the RIG-1-like receptorvs. C (P + A) vs. A (P + A) vs. P
ray qRT-PCR Microarray qRT-PCR Microarray qRT-PCR
−1.48⁎⁎ 1.58⁎⁎ 2.35⁎ −1.52⁎ −1.43
−1.62⁎ 1.55⁎⁎ 1.78 1.06 −1.52
−1.33⁎ −1.54⁎⁎ −1.43⁎ 1.04 −1.32⁎
−1.53⁎ 1.68⁎ 2.05⁎ −1.10 −1.32
−2.38⁎ −1.61⁎⁎ −1.76⁎⁎ −1.08 −2.45⁎⁎
1.16 −2.04⁎⁎ −1.53⁎ 1.11 1.14
−1.27 −1.70 −1.38 −1.54⁎⁎ −1.65⁎
1.16 −1.69⁎⁎ −2.22⁎ 1.21 1.34⁎
1.71⁎ 1.36 3.24⁎ 1.24 1.44
−1.13 1.47 1.71⁎⁎ 1.04 −1.24⁎
1.30 −2.08⁎⁎ −1.61⁎⁎ 1.28 1.17
1.07 −1.54⁎⁎ −1.16 1.07 1.10
−1.66 −1.30 −1.58⁎⁎ 1.03 −1.64
⁎ 1.76 1.67⁎⁎ 1.93⁎ 1.51⁎⁎ 1.38
15 cells transfectedwith Poly(I:C); C: untreated PK15 cells; A: PK15 cells treatedwith Aza-
ession level of GAPDHwas assayed for normalization during quantitative PCR.
Table 2
Gene ontology enrichment of the differentially expressed genes in all comparisons.
Comparison Biological process Counts Percent P value
P vs. C T cell selection 2 12.50% 0.0303
Leukocyte activation 5 4.07% 0.0446
Positive regulation of immune
system process
5 4.27% 0.0374
Cell activation 6 4.00% 0.0303
A vs. C Cellular homeostasis 49 20.08% 0.0163
Positive regulation of homeostasis 4 57.14% 0.0387
(P + A) vs. C Response to external stimulus 5 0.87% 0.0015
Positive regulation of metabolic
process
4 0.69% 0.0106






(P + A) vs. A Regulation of immune system
process
10 3.34% 0.0077
Positive regulation of metabolic
process
18 3.1% 9.0E−4
Leukocyte homeostasis 3 6.67% 0.0249
Cellular homeostasis 9 3.03% 0.0198
(P + A) vs. P Negative regulation of immune
system process
2 8.33% 0.0167
Negative regulation of metabolic
process
5 1.95% 0.0461
Cell fate commitment 2 4.88% 0.0428
Negative regulation of viral
reproduction
1 50.00% 0.0231
Fig. 4. The DEGs clustered into the functional pathways in the comparison of P vs. C (A), A vs. C
numbers of DEGs in each pathway. The enriched key pathways were considered at signiﬁcant
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(Fig. 4D). Additionally, base excision repair, tryptophanmetabolism, ret-
inol metabolism, calcium signaling pathway, complement and coagula-
tion cascades were obtained from the comparison of (P + A) vs. P
(Fig. 4E).
Cell apoptosis is only enriched in the comparison of A vs. C (Fig. 4B),
and the related DEGs (SERPINF1, TNFSF10 and CDCA7)were recovered in
the comparison of (P + A) vs. C ( FC b 1.5, Fig. 4C and Supplementary
Fig. S1). It is noted that cell apoptosis and cell cycle-related pathways
were not enriched in the comparison of P vs. C, which was consistent
with the benign growth status of the cells after being transfected with
Poly(I:C) (Fig. 2B).2.5. Characterization of the DEGs involved in response to virus
To characterize the DEGs, we ﬁrstly analyzed the DEGs related to the
response to virus in ﬁve comparisons. A total of 38 DEGs were detected
with color gradation analysis (Supplementary Fig. S2). Among the DEGs,
12 (5 up-regulated and 7 down-regulated) and 25 (14 up-regulated
and 11 down-regulated) genes were observed in the comparison of P
vs. C and A vs. C, respectively. Only 7 (5 up-regulated and 2 down-
regulated) DEGs were observed in the comparison of (P + A) vs. C, in
which, the fold-changes of S100G, MMP11, TNP2 and FBXO32 genes
observed in the comparison of (P + A) vs. C were less than that in the
comparison of A vs. C (Supplementary Fig. S2).(B), (P+A) vs. C (C), (P+A) vs. A (D) and (P+A) vs. P (E). The X axis shows the varying
level of less than 0.05.
Fig. 5. The results of the color gradation analysis of the functional DEGs related to epigeneticmodiﬁcations in PK15 cells treatedwith Poly(I:C), Aza-CdR or both. The intensity of the red and
green colors represents the degree of gene induction and gene repression, respectively, with the criterion of |FC| > 1.5 and P b 0.05. Grey: no signiﬁcant difference.
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As expected, 10 out of 14DEGs involved in epigeneticmodiﬁcations in
the comparison of A vs. C were down-regulated in the PK15 cells (Fig. 5)
including trimethylgranosine synthase 1 (TGS1) gene, 3-hydroxy-3-
methylglutaryl-Coenzyme A synthase 2 (HMGCS2 or CH242-38b5.1)
gene, tRNA methyltransferase 11 homolog (TRMT11) gene, TRMT6 etc.
The most down-regulated gene was ubiquitin-conjugating BIR-domain
enzyme (LOC100049694) gene with a fold-change of 2.33. However,
arsenic (+3 oxidation state) methyltransferase (AS3MT) gene and
catechol-O-methyltransferase 1 (COMT) gene were up-regulated in the
comparison of A vs. C. No DEGs related to epigenetics modiﬁcation was
uncovered in the comparison of (P + A) vs. C. The expression proﬁles
of the DEGs in the comparison of A vs. C were reversely found in the
comparison of (P + A) vs. A (Fig. 5).
2.7. Characterization of the DEGs involved in NF-κB and IFN
signaling pathways
Due to the immunostimulant of Poly(I:C) to the PK15 cells, the DEGs
involved in NF-κB and IFN signaling pathway are biologically important
for the host response to the viral-like dsRNA. Based on the results of
KEGG annotation, the NF-κB and IFN signaling pathway-related genes
identiﬁed in the ﬁve comparisons are listed in Fig. 6.
As shown in Fig. 6, 3 out of 4 DEGs involved in the pathway, includ-
ing CD4 T cells surface antigen (CD4) gene, interferon stimulated
gene 20 (ISG20) and MHC class II DO beta (SLA-DOB) gene, were up-
regulation in the comparison of P vs. C. For the comparison of A vs. C,
10 out of 17 DEGs were activated and the most up-regulated gene was
nuclear factor of activated T-cells, cytoplasmic, calcineurin-dependent
1 gene (NFATC1) with a fold-change of 3.24. The results indicated that
most of the DEGs involved in NF-κB and interferon signaling pathways
were positively regulated by Poly(I:C) or Aza-CdR. In contrast, most of
the DEGs were not observed in the comparison of (P + A) vs. C, except
guanylate binding protein 1, interfernon-inducible (GBP1) gene, whichwas up-regulation in the comparison of A vs. C and was down-
regulation in the comparison of (P + A) vs. C.
The DEGs related to cell cycles, transcriptional regulator and mRNA
transcription were proﬁled in the Supplementary Figs. S1 and S3. The
results showed that most DEGs observed in the comparisons of A vs. C
and P vs. C were not uncovered in the comparison of (P + A) vs. C.
3. Discussion
Epigenetic regulation is of critical signiﬁcance in understanding the
interaction between antiviral innate immunity and virus replication.
The present study reports the ﬁrst transcriptome of the porcine kidney
cell line (PK15) transfected by viral-like dsRNA immunostimulant
(Poly(I:C)) or DNA methyltransferase inhibitor (Aza-CdR), or Poly(I:C)
plus Aza-CdR. The genome-wide regulatory effects of Aza-CdR on
dsRNA transfected porcine cells were analyzed. The outcomes of these
analyses yielded three major ﬁndings.
Firstly, the effects of Poly(I:C) plus Aza-CdR on gene expression
(44 DEGs) more closely resembled the effects of Poly(I:C) (76 DEGs)
than the effects of Aza-CdR (952 DEGs). The porcine PK15 cells treated
with Poly(I:C) plus Aza-CdR discovered less DEGs related to the response
to virus. Previous studies proved that DNAmethylation inhibitor Aza-CdR
has effects on the virus activation or inactivation in the cultured cells
[26,27]. Aza-CdR plus TNF-alpha moderately decreased the activation of
HIV in J-Lat 10.6 cells, while Aza-CdR plus TNF-alpha or TNF-alpha alone
activated the human immunodeﬁciency virus (HIV) in almost all J-Lat
cells [25–27]. In our study, most of the DEGs that were signiﬁcantly up-
or down-regulated in PK15 cells treated with Poly(I:C) or Aza-CdR
alone were no more signiﬁcantly expressed in the cells treated with
Poly(I:C) plus Aza-CdR ((P + A) vs. C, Figs. 5, 6 and Supplementary
Figs. S1, S2 and S3). Though Aza-CdR treatment alone displayed acute
effects on PK15 cells, the transcriptome data suggest that Aza-CdR may
decrease the stimulant of the viral mimic in the porcine cells.
For virus-like dsRNA Poly(I:C) transfection, we found markedly
increased expression of TLR3 and IFN-α in the PK15 cells at 10 h after
Fig. 6. The results of the color gradation analysis of the functional DEGs related to the IFN and NFκB signaling pathway in PK15 cells treatedwith Poly(I:C), Aza-CdR or both. The annotation
is the same as shown in Fig. 5.
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nor cell cycle-related pathways that were enriched in the comparison
of P vs. C. It partially explained the previous ﬁndings that the PK15
cells transfected with CSFV did not retard the growth of the cells [31].
Toll-like receptor 3 (TLR3) is a member of the Toll-like receptor family,
which plays a fundamental role in pathogen recognition and activation
of innate immunity. It recognizes dsRNA associated with viral infection,
and induces the activation of NF-κB and the production of IFN [2,5–7].
These data imply that TLR3 may play a role in swine defense against vi-
ruses. Since someviruses display a strong tropism to epithelial cells [28],
our results suggest that Poly(I:C) can serve as mimic virus to stimulate
porcine epithelial cells and to clarify the molecular basis of swine
defense against viral replication [32–37].
The secondmajor ﬁnding is that the DEGs induced by Poly(I:C), Aza-
CdR, or both are all involved in immune response-related pathways in
the non-immune cells. Similar as described in the study from Huang
et al. [12],we integrate theDEGs involved in the IFN andNF-κB signaling
pathways and the closely related pathways into a scheme to describe
the transcriptional response of the porcine kidney epithelial cells
to the treatment of Aza-CdR, Poly(I:C), or Poly(I:C) plus Aza-CdR
(Supplementary Fig. S4, Table S1). Themitogen-activated protein kinase
(MAPK) pathway observed in the comparison of (P + A) vs. Cmediates
cell communication with extracellular environments [38], while
p53 pathway detected in the comparison of A vs. C has the ability to
eliminate the excess, damaged or infected cells with the aid of apoptosis
[39]. In addition, it was found in previous studies that the canonical IFN
alpha pathway plays an antiviral responses role in the innate immunity
response and directs the transition from innate to acquired immunity
[40–43]. Our study detected the up-regulation of STAT2 gene in the
comparison of A vs. C. The DEGs (MAPK12, NFκBIA, TBK1 and IRF7)
involved in this pathway were activated in the comparison of A vs. C.
Moreover, RIG-I-like receptor signaling pathway triggered a class
of anti-viral signaling cascade by the long dsRNA stimulant [7,36,44].
The proﬁle ﬁrst maps the interactions between the transfections of Aza-
CdR and/or Poly(I:C) and the porcine non-immune epithelial cells.Li et al. found differentially expressed genes of GBP1,MX1, ISG15 and
IRF7 were highly over expressed at the early stage of swine inﬂuenza
virus infection [40]. The expression levels of these genes were recov-
ered in the comparison of (P + A) vs. C in our study. Flori et al. used
Qiagen-NRSP8 arrays to investigate pseudorabies virus-epithelial cell
dialogs [28] and found that SLA-DOB and CD4 were up-regulation at
4 h after pseudorabies virus infection, which was consistent with the
results in this study. These data indicated that the immune-related
genes may involve in immune responses of non-immune cells to virus
dsRNA transfection.
Third, most epigenetic modiﬁcation-related genes were down-
regulated though a substantial fraction of genes were up-regulated,
suggesting that the impact of Aza-CdR on inhibiting DNA methyltrans-
ferase activity is effective in the porcine cells. Meanwhile, many DEGs
involved in IFN and NF-κB signaling pathways were up-regulated by
Aza-CdR in the cells. These results are consistent with the previous
data that the inhibition of DNA methylation and the activation of IFN
signaling pathways were induced by Aza-CdR treatment in normal
human cells [45–47]. One mechanism that may explain the activa-
tion of IFN signaling in DNA methyltransferase-targeted cells is the
up-regulation of endogenous retroviral elements of the host cells
[45,46]. However, the evidence in our study is that normal PK15
cells treated with Aza-CdR primarily down-regulated the expression
of viral oncogenes and viral integration sites (MYB and EVI5) (Sup-
plementary Fig. S2). Whether the down-regulation of oncogenes
and genes related to viral integration induces the activation of the
genes in IFN and NFκB signaling pathway in the porcine cells should
be explored in future studies.
In summary, the results suggest that the stimulant of viral-like
dsRNA Poly(I:C) to porcine PK15 cells can be regressed by DNAmethyl-
transferase inhibitor Aza-CdR and Aza-CdR shows potentially negative
regulatory effects on viral replication. These observations provide new
insights into the regulatory effects of DNA demethylation on virus rep-
lication in non-immune cells. In further study, the biological function of
Aza-CdR is necessary to be investigated in live viruses.
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4.1. Cell culture and treatments
Porcine kidney cells (PK15) were collected from the China Center
for Type Culture Collection (CCTCC, Wuhan, China). The cell lines
were cultured in Dulbecco's modiﬁed Eagle medium (DMEM)
(Invitrogen, Carlsbad, CA) containing 10% heat-inactivated fetal bo-
vine serum (FBS) (HyClone, Logan, UT), 100 units/mL penicillin
and 100 μg/mL streptomycin (Invitrogen) at 37 °C with 5% CO2.
The cells were plated in 6-well plates with a minimum concentration
of 5 × 106 cells/well (2 mL/well), with approximately 60% conﬂuence
24 h before treatment. Poly(I:C) (10 μg/mL, 272–4242 base pairs,
Sigma-Aldrich, Shanghai Trading Co., Ltd), 5-aza-2′-deoxycytidine
(5 μM, Aza-CdR, Sigma-Aldrich, St. Louis, MO), or both were added
to culture medium after the cells were serum-starved for 2 h.4.2. Cell proliferation assay
For determining the cellular proliferation, CCK-8 method was con-
ducted. Firstly, the cells were seeded at a density of 3 × 103 cells/well
(100 μl/well) in a 96-well culture plate in 90 μl medium. After 24 h of
incubation at 37 °C and 5% CO2, the culture medium was changed, and
different concentrations of the two agents were added. Next, the cells
were incubated at 5% CO2 and at 37 °C for 10 h, and 10 μl of CCK-8 solu-
tion (Dojindo, Kumamoto, Japan) was added to eachwell, followed by a
40-minute incubation period at 37 °C. Finally, the absorbance was de-
termined at 450 nm using a microplate reader (Bio-Rad). The image
(500×)was observed and saved using a ﬂuorescentmicroscopy system
(Olympus, Tokyo, Japan).4.3. Total RNA extraction and puriﬁcation and the hybridization of
cDNA microarray
Total RNA was extracted from the cells using TRIZOL reagent
(Invitrogen) following the manufacturer's instructions. RNA integrity
and concentration (RIN ≥ 8.0, 28S/18S N 2 and A260/280was between
1.8 and 2.0)was assessed using Agilent Bioanalyzer 2100 (Agilent Tech-
nologies, Santa Clara, CA). Quality RNA samples (1.65 μg each) were
puriﬁed using an RNase-Free DNase Kit (QIAGEN, GmBH, Germany),
Cy3-labeled cRNA (One-Color) was ampliﬁed and hybridized using
the Low Input Quick Amp Labeling Kit and Gene Expression Hybridiza-
tion Kit (Agilent), following the manufacturer's instructions. Three rep-
licates were performed for each treatment. The transcriptional proﬁles
were assessed using the Agilent 4 × 44 K Porcine Oligo Microarray
and the RefSeq, Unigene, and TIGR databases.4.4. Microarray data analysis
The hybridization slides were scanned using an Agilent Microar-
ray Scanner (Agilent) with the default settings (Dye channel: Green,
Scan resolution = 5 μm, PMT 100%, 10%, 16 bit). The raw data were
analyzed with Feature Extraction software 10.7 (Agilent) and nor-
malized using the quartile algorithm with GeneSpring Software
11.0 (Agilent). An analysis of variance (ANOVA) and t-test were
applied to the data with FDR 0.05. The results regarding DEGs were
considered signiﬁcant for a fold change ( FC ) N 1.5 and P b 0.05.
The pathway and GO analyses of the DEGs were assessed using SBC
Analysis System (http://sas.ebioservice.com, Shanghai Biotechnol-
ogy Corporation, China), which is based on the three public
databases: National Center of Biotechnology Information (NCBI)
Entrez, Gene Ontology, and Kyoto Encyclopedia of Genes and Ge-
nomes (KEGG).4.5. Real-time RT-PCR
The microarray results were validated by real-time RT-PCR using
SYBR green-based detection with a LightCycler480 PCR system
(Roche, Basel, Switzerland). Total RNA (1 μg)was prepared as described
above and reversely transcribed as the ﬁrst strand cDNA using Super-
Script™ III Reverse Transcriptase (Invitrogen). The real time RT-PCR re-
actions were performed in 20 μL of solution with a LightCycler480 SYBR
Green I Master (Roche) according to the manufacturer's instructions.
Each reaction was performed in triplicate. The mRNA expression level
of the validated genes was normalized against the housekeeping
gene GAPDH (glyceraldehyde3-phosphate dehydrogenase) in the corre-
sponding samples. The PCR reactions were cycled 40 times after the
initial denaturation (95 °C, 5 min) with the following parameters:
denaturation at 95 °C for 15 s, annealing at 60 °C for 15 s, and extension
at 72 °C for 35 s. The primers are shown in Table S2.
4.6. Statistical analysis
Relative quantiﬁcation of gene expression level was performed by a
2(−△△Ct) method. Student's t-testwas used to analyze the differences in
the mRNA expression levels of the genes between the treatments.
Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.ygeno.2013.10.005.
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